Although inhibitors of the renin-angiotensin system are effective as first-line antihypertensive drugs in hypertensive patients with chronic kidney disease, they cannot completely prevent the progression of renal injury. Many animal studies, including our own, and a few human studies suggest that mineralocorticoid receptor blockade could inhibit the ongoing renal damage in chronic kidney disease. Thus, we designed this double-blinded, randomized, placebo-controlled trial to evaluate the antialbuminuric effect of a low dose (50 mg day À1 ) of the mineralocorticoid receptor antagonist eplerenone. The study subjects will include 340 hypertensive patients (blood pressure: 130-180/80-100 mm Hg) with albuminuria (urinary albumin/creatinine ratio: 30-600 mg g À1 in the first morning void urine), who are treated with an inhibitor of the renin-angiotensin system. Other classes of antihypertensive drugs may be added as needed to achieve the target blood pressure (o130/80 mm Hg). The primary study end point is the change in the urinary albumin/creatinine ratio after a 1-year study period. This trial is expected to show whether a low dose of mineralocorticoid receptor antagonists can exert an antialbuminuric effect in patients with chronic kidney disease.
INTRODUCTION
Chronic kidney disease (CKD) should be treated properly while it is still at an early stage because it is strongly associated with progression to both end-stage kidney disease (ESKD) and cardiovascular disease (CVD). As CKD is often associated with hypertension, which accelerates the progression of both ESKD and CVD, strict blood pressure (BP) control is essential for its management. Thus, CKD patients are usually given antihypertensive drugs. Considerable clinical evidence shows that renin-angiotensin system (RAS) inhibitors, such as angiotensin receptor blockers (ARBs) and angiotensin-converting enzyme (ACE) inhibitors, are acceptable as first-line antihypertensive agents for CKD. 1, 2, 3 However, they cannot completely prevent CKD progression. Thus, second-line depressor agents for CKD are needed. Currently, these treatments include calcium channel blockers (CCBs) or diuretics, 3 but the evidence supporting this approach is weak. 4, 5 More effective renoprotective antihypertensive agents are required. New lines of evidence suggest that mineralocorticoid receptor (MR)-blocking agents may be suitable for this purpose.
Renoprotective effect of MR blockade
Recent studies revealed that MR antagonists have renoprotective effects. Although the infusion of aldosterone and excessive dietary salt progressively induce proteinuria and renal podocyte injury in rats, these effects are almost completely reversed by the MR antagonist eplerenone. 6 Eplerenone also suppresses the progressive renal injury of the obese spontaneously hypertensive rats (SHR), known as SHR/NDmcr-cp, which exhibit metabolic syndrome characteristics and have high plasma aldosterone levels. 7 Importantly, eplerenone ameliorates renal injury in a low aldosterone model of CKD as well. 8 Thus, plasma aldosterone levels do not necessarily seem to reflect renal MR activity. These observations suggest that aldosterone-dependent 6, 7 and/or aldosterone-independent [8] [9] [10] [11] MR activation may have an essential role in CKD pathophysiology and that MR blockade may be an effective renoprotective strategy. Indeed, clinical studies have shown that plasma aldosterone profiles are not predictive of the antihypertensive efficacy of MR blockade. 12 Accordingly, the antialbuminuric effect of the MR blocker may also not be predicted by plasma aldosterone concentration.
Renal effects of MR blockade vs. RAS inhibition
In salt-loaded Dahl salt-sensitive rats, eplerenone suppresses the renal injury more effectively than the ACE inhibitor and to a similar degree as the combination of both drugs. 13 In addition, in stroke-prone spontaneously hypertensive rats (SHRSP), aldosterone infusion completely abolishes the renoprotective effect of the ACE inhibitor. 14 Thus, MR blockade may be even better than RAS-inhibiting agents at suppressing renal injury progression. Supporting this hypothesis are data indicating that RAS blockade does not ameliorate diabetic nephropathy in patients with aldosterone breakthrough (where plasma aldosterone levels again increase after long-term RAS-inhibitor treatment), 15 whereas the aldosterone antagonist, spironolactone, decreases the urinary protein levels of such patients.
Human studies of renoprotection by MR blockade
Several human studies have revealed that MR antagonists have renoprotective effects in addition to the cardioprotective action that has been already established by clinical mega-studies. 16, 17 For example, eplerenone reduces the urinary albumin/creatinine (Cr) ratios in older patients with systolic hypertension and microalbuminuria much better than the CCB, amlodipine. 18 Moreover, although both eplerenone and the ACE inhibitor, enalapril, decrease urinary albumin levels in hypertensive patients with albuminuria, eplerenone has a superior antialbuminuric effect. 12 Although high doses (up to 200 mg day À1 ) of eplerenone were used in these studies, a short duration (12 weeks) of treatment with relatively low doses (50-100 mg day À1 ) of eplerenone has also been shown to decrease urinary albumin/Cr ratios in a small number of RAS inhibitor-treated patients with type 2 diabetic nephropathy. 19 Thus, a long-term and larger trial testing whether a low dose of eplerenone can protect the renal function of CKD patients is necessary.
Renoprotective effect of MR blockade in Japanese patients Aldosterone induces inflammatory cell infiltration and vasculitis in the kidneys of rats in the context of excessive salt intake. 20, 21 We also observed that aldosterone treatment causes proteinuria and podocyte injury in rats fed a high salt diet. 6 Furthermore, in subjects with high urinary aldosterone levels, urinary protein levels increase progressively as dietary salt levels rise. 22 Thus, the harmful effects of aldosterone on the renocardiovascular system become apparent on salt repletion. 23, 24 As salt intake in Japan is high on average, 25 it may be useful to treat Japanese CKD patients with MR blockers.
Evaluation of the antialbuminuric effect of eplerenone It is, therefore, of considerable interest to determine whether a low dose (50 mg day À1 ) of the highly MR-specific antagonist, eplerenone, has antialbuminuric effects in hypertensive CKD patients in Japan. Consequently, we designed the double-blinded, randomized, placebocontrolled Eplerenone combination Versus conventional Agents to Lower blood pressure on Urinary Antialbuminuric Treatment Effect (EVALUATE) trial to compare the antialbuminuric effect between a 50-mg day À1 eplerenone dose and placebo.
Hypothesis and objectives. Our hypothesis is that the MR blockade induced by a low dose of eplerenone effectively suppresses renal injury progression in RAS inhibitor-treated CKD patients. The primary trial objective is to compare the antialbuminuric effects of a 1-year treatment with eplerenone or placebo. Key secondary objectives are: (1) to compare eplerenone-and placebo-treated patients in terms of changes in serum Cr levels, estimated glomerular filtration rate (eGFR) and urinary liver-type free fatty acid-binding protein levels (L-FABP; an early marker of tubulointerstitial stress) 26, 27 and (2) to determine the effect of high salt intake on the putative renoprotective effects of eplerenone.
METHODS

End points
Primary end point. This end point refers to the percent change in the urinary albumin/Cr ratio in the first morning void urine after 12 treatment months relative to the pretreatment ratio (an average of three continuously measured values). Urinary albumin and Cr levels will be measured by immunoturbidimetrical (autoanalyzer: JCA-BM8000 series, JEOL, Tokyo, Japan) and enzymatic (JCA-BM8000 series, JEOL) methods, respectively.
Secondary end points. These end points are the absolute values and percent changes at each treatment period relative to the pretreatment values of urinary albumin/Cr ratio (4, 8, 28 and 52 weeks after the start of the trial drugs) in the first morning void urine, serum Cr levels, eGFR, urinary L-FABP levels and office BP. The secondary end points also include the estimated 24-h urinary sodium (Na) excretion, plasma aldosterone concentration, urinary aldosterone and cerebro-cardiovascular events. We will evaluate whether the estimated urinary Na excretion and baseline plasma aldosterone correlate to the degree of the antialbuminuric effect of eplerenone. eGFR will be calculated using the 'Modified Diet in Renal Disease (MDRD) formula' modified by the Japanese Society of Nephrology. 28 Urinary L-FABP will be measured by an enzymelinked immunosorbent assay (ELISA: Human L-FABP Assay Kit-IBL: ImmunoBiological Laboratories, Takasaki, Japan). Urinary Na excretion over a day will be estimated by a previously reported formula. 29, 30 Cerebro-cardiovascular events include cerebro-cardiovascular death (fatal myocardial infarction, fatal heart failure, sudden death, fatal stroke and other cardiovascular deaths) and hospitalization due to cerebro-cardiovascular disease (nonfatal myocardial infarction, angina, heart failure, cerebral bleeding, cerebral infarction and transient cerebral ischemic attack).
Other end points. The safety of the eplerenone treatment will be determined by measuring serum potassium (K) changes and adverse events.
Study design
The double-blinded, randomized, placebo-controlled EVALUATE trial will compare the changes in urinary albumin/Cr ratio of eplerenone-and placebo-treated, hypertensive, RAS inhibitor-treated patients with albuminuria ( Figure 1 ). During each initial screening visit, written informed patient consent will be obtained, interim registration will be performed and all examinations except for urinalysis will be conducted to evaluate patient eligibility, and three urine-sampling kit sets (Uro Catch II, Atleta, Osaka, Japan) for sampling the first morning void urine will be provided. On the second visit, the patient will bring these urine samples. After confirming patient eligibility, each patient will be officially registered and randomly allocated into a 50-mg day À1 eplerenone group or a placebo group. The following factors will be used for stratified randomization: urinary albumin/Cr ratio (o300 mg, X300 mg g À1 ); systolic BP (o140 mm Hg and X140 mm Hg); and usage of a particular RAS inhibitor Rationale and design of the EVALUATE trial K Ando et al class (ACE inhibitor, ARB orACE inhibitor plus ARB). Thereafter, eplerenone or placebo (both blinded by encapsulation (DBcaps: Capsugel Japan, Sagamihara, Japan)) will be started (together with the RAS inhibitors that will have been given for more than 16 weeks). To ensure that any placebo-treated patients who develop high BP and any eplerenone-treated patients who develop hyperkalemia are promptly treated, the BP and serum K levels of all patients will be assessed 4 weeks after the trial drug is started. Thereafter, the patients will visit the clinic 8, 16, 28, 40 and 52 weeks after commencing treatment. All prior antihypertensive therapies will continue. If BP does not drop to o130/ 80 mm Hg, an antihypertensive drug other than MR antagonists and RAS inhibitors will be added.
Study subjects
Patients to be enrolled in the EVALUATE trial will be hypertensive RAS inhibitor-treated patients with albuminuria who satisfy the following inclusion and exclusion criteria.
Inclusion criteria. The inclusion criteria are: age X20 year and o80 year; outpatient systolic BP X130 and o180 mm Hg and/or diastolic BP X80 and o100 mm Hg; pretreatment urinary albumin/Cr ratio in the first morning void urine (an average of three continuously measured values) X30 and o600 mg g À1 ; eGFR X50 ml min À1 1.73 m À2 ; ACE inhibitor and/or ARB administered for X8 weeks at interim registration.
Exclusion criteria. Hypertensive emergencies that require intravenous administration of antihypertensives; serum K X5.0 mEq l À1 ; diabetes (fasting blood glucose X126 mg 100 ml À1 or treatment with an antidiabetic drug); severe liver damage (Child-Pugh Score: class C); severe heart failure (New York Heart Association (NYHA) class XIII); severe arrhythmia (frequent ventricular or atrial extrasystoles, prolonged ventricular tachycardia, atrial tachyrhythmia with severe tachycardia, atrial fibrillation or flutter with severe tachycardia, sick sinus syndrome with severe bradycardia, atrio-ventricular block with severe bradycardia); angina; myocardial infarction and cerebrovascular disease if they occurred o6 months before the interim registration; pregnancy, possibility of pregnancy, desire to become pregnant; a past history of severe side effects from MR antagonists, ACE inhibitors or ARBs; an MR antagonist administered o8 weeks before the interim registration; contraindicated drugs, including adrenocorticosteroidal drugs, immunosuppressants, K-sparing diuretics, K supplementation, itraconazole, ritonavir and nelfinavir; treatment for 42 weeks with non-steroid anti-inflammatory drugs (NSAIDs).
Statistical considerations and study size
Sample size determination. As RAS-inhibitor treatment of hypertensive patients with albuminuria decreases urinary albumin levels by 45%, whereas RAS inhibitor plus eplerenone decreases it by 74%, 31 it is estimated that eplerenone will decrease urinary albumin levels of RAS inhibitor-treated patients by 30% (that is, an effect size of 30%). In addition, estimates are within a s.d. value of the albumin/Cr ratio in the first morning void urine of 90%, a statistical power of 80%, and a dropout rate of 10%. Thus, to compare the eplerenone and placebo groups at a two-sided overall significance level of 5% with regard to the primary efficacy end point, 340 patients (170 patients for each group) will be required.
Statistical analysis. For the efficacy end point, the primary analysis will be carried out on the intent-to-treat (ITT) population (that is, all randomized patients, regardless of patient compliance, actual administration of the trial drug or premature trial drug discontinuation), not including patients deemed ineligible (see eligibility criteria above) or who never take the trial drug. In terms of the safety end point, all patients who take the trial drug will be analyzed.
The eplerenone and placebo groups will be compared in terms of the percentage change in the urinary albumin/Cr ratio after 12 months of treatment relative to the pretreatment ratio by using an unpaired t-test at a two-sided significance level of 5%. If necessary, the data will be adjusted by important background factors, including gender, age, BP response to the treatment, eGFR level, urinary L-FABP levels and urinary Na excretion. In addition, analysis with a linear model will be performed for percent changes in the urinary albumin/Cr ratio from the pretreatment period to each point of treatment, in the absolute value of urinary albumin/Cr ratio, and for their timedependent changes. The absolute values and changes over time of the following parameters will also be analyzed: urinary L-FABP level, office BP, eGFR level, estimated Na excretion over a day and plasma aldosterone concentration. The groups will also be compared in terms of the rate of CKD stage progression, allcause mortality and frequency of cardiovascular events (cerebro-cardiovascular death (fatal myocardial infarction, fatal heart failure, sudden death, fatal stroke and other cardiovascular death) and hospitalization due to cerebro-cardiovascular events (non-fatal myocardial infarction, angina, heart failure, cerebral Rationale and design of the EVALUATE trial K Ando et al bleeding, cerebral infarction and transient cerebral ischemic attack)). To evaluate trial drug safety, serum K levels will be analyzed. The two groups will also be compared in terms of the frequency of adverse events and the rate of dropout due to adverse events.
Registration and ethics principles
The EVALUATE study has been registered at the University Hospital Medical Information Network-Clinical Trials Registry (UMIN-CTR) under the trial identification number UMIN000001803. It has been approved by the Institutional Review Boards of the University of Tokyo Clinical Research Center (reference number P2008028-11X) and other hospitals, and it will be conducted in accordance with the Declaration of Helsinki Principles. Consequently, written informed consent will be obtained after patients receive an oral and written explanation of the trial from the attending physician.
Management of the study
The organization and members of each committee of the EVALUATE trial are shown in the Appendix A. The Principal Study Coordinators (Professor Fujita (responsible for trial implementation) and Professor Yamada (responsible for trial fund management)) and the Steering Committee will oversee and are responsible for conducting the trial, including reviewing and implementing recommendations from the Independent Data Monitoring and Safety Committee, protocol changes and premature study termination. The Steering Committee will be blinded to the treatment assignments and will take responsibility for publications arising from the trial. The Protocol Committee is responsible for study design and protocol development as well as any changes. The Coordinating Committee is responsible for organizing the committees and secretarial work. The Representative for Trial Drug Preparation ensures eplerenone and placebo encapsulation (DBcaps: Capsugel Japan; performed in the prescription laboratory of the Pharmaceutical Department of the Tokyo University Hospital). The Representative for the Trial Drug Masking ensures eplerenone and placebo blinding. The Representative for the Trial Drug Management is responsible for the trial drug storage and delivery to the trial site. The Data Center is responsible for data management (including operating the Internet system dealing with patient registry and enrolling data and handling the individual case safety reports of serious adverse events. The Data Monitoring and Safety Committee will assess safety and end points, such as progression of CKD and CVD, evaluate adverse events, oversee patient welfare, review trial data at specified intervals and make recommendations to the Steering Committee if any problems arise (for example, serious adverse events). The latter two committees do not include investigators in the study. All study investigators are experienced clinical trialists without any conflict of interest with respect to the sponsor (Pfizer Japan, Tokyo, Japan).
DISCUSSION
The EVALUATE study asks whether the MR antagonist, eplerenone, has an antialbuminuric effect in RAS inhibitor-treated hypertensive patients at an early stage of CKD (mild-moderate albuminuria and eGFRX50 ml min À1 1.73 m À2 ). Many patients in the early stage of CKD eventually exhibit disease progression, at which point renoprotective medical procedures become less effective and the patient develops ESKD. Thus, proper CKD management requires effective therapeutic strategies that reduce its progression in its early stages. Although almost all CKD patients require more than one antihypertensive to control BP, only weak evidence supports the idea that CCBs or diuretics should be the second-line antihypertensive agents for RAS inhibitor-treated CKD patients with uncontrolled BP. 1 Moreover, a recent meta-analysis revealed that the dihydropyridine CCBs do not decrease urinary protein levels. 32 In addition, the Ramipril Efficacy In Nephropath-2 (REIN-2) study 4 showed that, in patients with nondiabetic CKD, strict BP reduction (to o130/80 mm Hg) by adding the CCB, felodipine, to the ACE inhibitor, ramipril, did not result in superior renoprotection when compared with ramipril treatment alone, which only achieved a moderate BP response (diastolic BP o90 mm Hg). The GaUging Albuminuria Reduction with Lotrel in Diabetic patients with hypertension (GUARD) study of hypertensive type 2 diabetic patients 5 indicated that, relative to the combination of the ACE inhibitor, benazepril, and the CCB, amlodipine, the combination of benazepril and the diuretic, hydrochlorothiazide, was superior in reducing urinary albumin levels; however, the latter combination was also associated with significantly lower eGFR level. Thus, there is little definitive evidence supporting the rationale that the second-line drugs used to treat RAS inhibitor-treated CKD patients with uncontrolled BP should be CCBs, diuretics or other drugs. By contrast, animal and small-sized clinical studies have recently revealed that MR antagonists have a renoprotective effect that might be superior to RAS inhibitors. [6] [7] [8] 12, 13, 15, 18, 19 Thus, the EVALUATE trial may indicate that MR antagonists should be used as second-line antihypertensive agent for patients with CKD. One potential limitation of MR antagonists as second-line drugs for CKD patients is their K-sparing effect. This effect may be disadvantageous for patients with CKD, especially when the MR antagonist is administered in combination with a RAS inhibitor, because both renal dysfunction and RAS inhibitors can increase serum K level. However, a study of diabetic nephropathy patients with normal renal function showed that, compared with the ACE inhibitor, enarapril, alone, co-administration of a relatively low dose (50-100 mg day À1 ) of eplerenone with enarapril significantly reduces albuminuria without significantly increasing hyperkalemia. 19 Thus, in the EVALUATE trial, we will examine whether the low dose (50 mg day À1 ) of eplerenone can exert an antialbuminuric effect in patients at an early stage of CKD (that is, patients with albuminuria and eGFRX50 ml min À1 1.73 m À2 ) without concomitantly increasing hyperkalemia.
We will also focus on salt intake in patients because MR blockade could be advantageous for CKD patients with a high-salt diet for two reasons. First, the MR antagonists have a greater renoprotective effect in salt-repleted rather than salt-depleted conditions because MR activation seems to have an important mediating role in the renal damage induced by excess salt. 6, [20] [21] [22] [23] [24] Second, hyperkalemia may occur less frequently in patients with a high salt diet than a low salt diet, because salt loading decreases serum K level. 33 Moreover, animal studies, including our own, 34, 35 suggest that a mild increase in serum K level may promote organ protection in relatively K-depleted CKD patients with a high salt intake.
The EVALUATE trial has several limitations. Our inclusion criteria include patients who have an eGFRX50 ml min À1 1.73 m À2 and are not diabetic. Nevertheless, worthwhile information can be elicited from this trial, because it will elucidate whether aldosterone blockade is a useful strategy to treat patients with early stage CKD. Another putative study limitation is that the primary end point is urinary albumin. However, this end point was chosen over renal function or CVD, because these end points would necessitate a much longer trial period.
In conclusion, the EVALUATE study may show that a low dose of eplerenone effectively decreases urinary albumin levels in RAS inhibitor-treated non-diabetic hypertensive patients with albuminuria and eGFRX50 ml min À1 1.73 m À2 without concomitantly inducing hyperkalemia. The Japanese people in particular, many of whom consume a high salt diet, are expected to benefit from treatment with MR antagonists. However, because most people in the world consume more salt than is ideal, we anticipate that the EVALUATE trial results can also be extrapolated to populations worldwide.
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